Abstract. Metastatic renal cell carcinoma (mRCC) has gained a variety of therapeutic options since the introduction of targeted therapy, starting in 2007. The basic molecular mechanisms included predominantly the targeting of vascular endothelial growth factor or the inhibition of the mammalian target of rapamycin. Recently, results from two randomized controlled trials, the CheckMate-25 and the METEOR trial, regarding therapy for RCC in the second-line setting have been published. In the present review, the current status of second-line therapy in mRCC is discussed, together with results from the two newly introduced substances, nivolumab and cabozantinib.
Introduction
Renal cell carcinoma (RCC) comprises 2-3% of all malignancies (1) . In 2012, there were 34,700 kidney cancer-associated mortalities in the European Union (2) . With the broad introduction of imaging modalities to detect early RCC, a trend towards newly diagnosed early stage RCC has ensued (3). Nonetheless, ~30% of patients initially present with already metastasized disease (4) , and approximately every third patient with localized RCC will develop recurrent and progressive cancer (5) . Cure rates for patients with low risk RCC are excellent; however, 5-year progression-free survival (PFS) rates quickly fall with higher initial stages of RCC, adding to the pool of patients heading towards metastatic disease (6) .
It was less than a decade ago that metastatic (m)RCC was considered to be rather unaffected by any type of systemically applied substance. Interleukin-2 and interferon were able to achieve median overall survival (OS) rates of ~12 months. High-dose interleukin-2 was the only FDA (United States Food and Drug Administration) approved substance for the treatment of RCC up until 2007 (7, 8) . With the advent of targeted therapy, median PFS almost doubled from 5 to 11 months, and median OS increased to almost 30 months (9) (10) (11) . A variety of randomized controlled trials (RCTs) were assessing patients according to pretreatment with cytokines. The use of cytokines, however, does not reflect the current standard of treatment in the Western world today, and will most likely not be subjected to consideration when assessing second-line sequencing. At present, patients have a wide array of therapeutic options, and they will inevitably enter a sequence of targeted therapies over the course of their disease. After failure of first-line targeted therapy, there are various options for second-line treatment. The current available options for clear cell RCC (ccRCC) second-line treatment include the multitargeted tyrosine kinase inhibitors, axitinib (12) , sorafenib (13) and pazopanib (14) , as well as the mammalian target of rapamycin (mTOR) inhibitor, everolimus (15).
Randomized controlled trials on second-line therapy for advanced renal cell cancer
The current recommendations allow for several substances to be selected from, i.e. there are no firm recommendations as to the optimal sequence of targeted therapy (16) . The following discussion of sequencing options, and the discussed RCTs in the second-line setting, all have a highly heterogeneous patient population with differing first-line treatment regimens, thus making the interpretation of the results all the more Novel therapeutic options for second-line therapy in metastatic renal cell carcinoma (Review)
challenging when comparing decision making in the first-line setting. These differences in study populations have to be considered when discussing the variety of previous studies that were addressing the question of second-line therapy in mRCC and advanced RCC: Second-line therapy following progression on sunitinib was tested for temsirolimus versus sorafenib in the Investigating Torisel As SecondLine Therapy (INTORSECT) RCT. Median OS was longer in the sorafenib arm when compared with temsirolimus (16.6 vs. 12.3 months). This finding revealed that tyrosine kinase inhibition in the second-line setting was superior to mTOR inhibition with temsirolimus. The INTORSECT trial allowed for any histology, not only ccRCC (17) . Second-line axitinib following sunitinib produced a median OS rate of 20.1 months when compared with sorafenib, with 19.2 months in the advanced RCC (AXIS) trial (12) . The AXIS trial was able to reveal an interesting association between exposure time to first-line sunitinib with PFS in the second-line sequence with axitinib. Although OS did not differ between the two substances, PFS was longer in the axitinib (8.3 vs. 5.7 months) arm. Axitinib is currently established in all risk groups as a second-line therapy option for mRCC.
The SWITCH-I study investigated the sequence of sunitinib following sorafenib vs. sorafenib following sunitinib. There were, however, no significant differences observed with regard to OS or PFS.
As an mTOR complex inhibitor, everolimus does not predominantly block growth factor receptors, but inhibits the regulatory transcription factors of pathways that regulate cell proliferation, angiogenesis and cell survival. The renal cell cancer treatment with oral RAD001 given daily (RECORD)-1 trial compared everolimus with a placebo in the second-line setting, and revealed a similar median OS of 14.8 vs. 14.4 months (15) . In this study, patients with mRCC were included who experienced a progression of the disease under ongoing treatment with sunitinib and/or sorafenib. The median PFS survival was 4.0 vs. 1.9 months in favor of everolimus, however, as in numerous trials, the setting cannot be regarded as truly second-line therapy, since patients in this RCT were allowed to have had more than one previous treatment for mRCC prior to study inclusion. The multicenter randomized phase II trial RECORD-3 included 471 patients with good and intermediate prognosis, and assessed the sequence of everolimus/sunitinib versus sunitinib/everolimus in a crossover design (18) . The primary endpoint of non-inferiority of first-line everolimus in this setting was not met. Median PFS for sunitinib following everolimus was 21.1 months compared with 25.8 months for the sequence with initial sunitinib [hazard ratio (HR)=1.3, 95% confidence interval (CI): 0.9-1.7]. OS was also longer in the sequence with sunitinib administered in first-line therapy (32 vs. 22.4 months; HR=1.2, 95% CI: 0.9-1.6).
A systematic review of the above-mentioned trials is shown in Table I .
Nivolumab and cabozantinib as second-line therapy options
With the introduction of targeted therapy in 2007, a variety of substances were introduced in rapid succession. These newly introduced substances comprised a vast variety of different modes of action. The novel molecular therapeutic mechanisms included the targeting of vascular endothelial growth factor (VEGF) or the inhibition of mTOR (19) . Everolimus belongs to the substance family of mTOR inhibitors. It is currently recommended as treatment option for mRCC as second-line therapy (19) . This means that it will currently be administered following targeted therapy with substances such as Sutent ® (sunitinib), pazopanib and bevacizumab. Everolimus was tested in the sequence following first-line therapy against nivolumab in the CheckMate-25 trial (20), as well as against cabozantinib in the recently published METEOR trial (21).
Nivolumab
The results of a phase III trial of nivolumab (3 mg/kg body weight) versus everolimus (10 mg daily) in 821 patients with progressing advanced RCC was introduced at the ESMO 2015 meeting in Vienna and simultaneously published in the New England Journal of Medicine (20) . Nivolumab is a human immunoglobulin (Ig)G4 monoclonal antibody that blocks the programmed cell death receptor (PD-1), which is expressed on activated T-cells. It also blocks PD-1 ligand 1 (PD-L1), which is expressed on the tumor cells. This checkpoint inhibition results in the activation of T-cells that are normally deactivated by PD1-1 due to binding with PD-L1 (22, 23) . Only patients with clear cell histology were included. Patients had received ≥1, but not >3, regimens of therapy, including targeted and cytokine therapy, prior to the study. However, more than two-thirds of all patients had only received one previous regimen prior to the study. Patients were not allowed to have had previous treatment with everolimus or any other mTOR inhibitor. Patients were stratified according to the Memorial Sloan Kettering Cancer Center (MSKCC) prognostic risk classification system, taking into account performance status, hemoglobin and serum calcium levels (24) . The primary endpoint was OS. Notably, the expression of PD-L1 on the tumor membrane was also evaluated compared with the response to therapy. Quality of life was assessed with the Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease-Related Symptoms score (FKSI-DRS) (25) . The study was stopped prematurely in July 2015, when the independent data monitoring committee concluded that a significant benefit with regard to OS was observed in the nivolumab arm. Median OS was significantly higher in the nivolumab group (25.0 vs. 19.6 months). The HR for mortality was 0.73 (98.5% CI: 0.57-0.93; P=0.002) in favor of nivolumab. The survival benefit was observed in all subgroups. PFS did not differ significantly between nivolumab and everolimus (4.6 vs. 4.4 months; P=0.11). The two therapeutic regimes were well tolerated, with 19% grade 3 or 4 adverse events in the nivolumab arm, and 37% grade 3 or 4 adverse events in the everolimus arm. The most common adverse event for nivolumab was fatigue, whereas anemia was the most common event with everolimus. Although no patient died in the nivolumab arm, two mortalities occurred with everolimus, which were attributable to bowel ischemia and septic shock. The superiority of nivolumab with regard to OS was demonstrated across a variety of baseline factors, such as the Karnofsky index and number of prior therapies, as recently demonstrated at the Genitourinary Cancers Symposium 2016 (26) .
These results are promising, but one must bear in mind that, by far, the majority of patients did not respond to therapy at all: The overall objective response rate for nivolumab was 25%, and for everolimus, 5% (odds ratio=5.98, 95% CI: 3.68-9.72; P<0.001), signifying that four out of five patients did not even respond to therapy in the second-line setting. The median duration of the response was 12 months, with a maximum of achievable response duration of 27.6 and 22.2 months for nivolumab and everolimus, respectively. Another observation, crucial for monitoring patients, is the fact that median time to response was 3.5 months (range, 1.4-24.8 months) in the nivolumab arm, and 3.7 months in the everolimus group (range, 1.5-11.2 months). This is an important issue when taking into account that the median treatment duration was only 5.5 months for nivolumab.
In the phase II trial assessment, the efficacy of nivolumab in mRCC PD-L1 expression was quantifiable in 64% of the patients. Approximately one-third of these patients exhibited a PD-L1 expression level of ≥5%. A PD-L1 expression level ≥5% was markedly associated with longer PFS and OS. Similarly, other studies were able to show an association between co-stimulatory markers for T-cell function with renal cell cancer aggressiveness: TB7-H1, a glycoprotein which has been shown to increase apoptosis of T-cells and elevate the expression of TB7-H1, is a marker for more aggressive RCC variants (27) . Therefore, evaluation of PD-L1 expression in correlation with treatment response and survival was of special interest in subsequent trials of nivolumab for RCC.
In the current phase III study by Motzer et al (20) , 821 patients were tested, and 92% of the patients exhibited quantifiable PD-L1 expression. Patients were dichotomized at expression levels of 1%, and also at 5%. OS for patients with a PD-L1 expression level ≥1% was 21.8 months for nivolumab, and 18.8 months for everolimus. OS for patients with <1% PD-L1 expression was 27.4 months in the nivolumab group, and 21.2 months in the everolimus group. Similar results were observed when dichotomizing expression of PD-L1 at the 5% level. These results demonstrated that nivolumab did not exert a greater effect on patients with a higher expression of PD-L1. Irrespective of PD-L1 expression, nivolumab was associated with superior OS compared with everolimus. The discrepancy between the current CheckMate-025 trial and previously conducted similar studies cannot be fully accounted for at present. One hypothetical explanation could be that expression levels of PD-L1 are subjected to change during the course of disease progression, and may even change under immune therapy. Similar changes have previously been reported for non-small cell lung cancer by immunohistochemical analysis (28).
Cabozantinib
Cabozantinib is an orally administered tyrosine kinase inhibitor (TKI). It targets the VEGF receptor, together with the tyrosine kinases MET and AXL, which exert a role in the development of mRCC. As such, MET and AXL are both up-regulated in RCC. Elevated expression levels of MET and AXL are linked with a poorer prognosis (29, 30) . Cabozantinib has already been approved for patients with medullary thyroid cancer (31) . Patients pretreated with VEGF TKIs exhibited c-MET upregulation, which logically leads to a strategy of therapeutic MET inhibition via cabozantinib. The METEOR study addressed the question of therapeutic efficacy for everolimus versus cabozantinib in the second-line treatment of mRCC (21) in a 1:1 (cabozantinib, 60 mg/day: everolimus, 10 mg/day) RCT with an intention-to-treat setting. The primary endpoint in this study was PFS. The secondary endpoints comprised OS and the objective response rate. All 658 patients had ccRCC, and must have progressed while under treatment with at least one prior VEGF receptor inhibitor. Patients were only eligible with a Karnofsky performance status of ≥70%, although there was no limit on the number of previous anti-tumoral regimens; only patients with prior treatment with an mTOR inhibitor were excluded. The majority of patients received one prior therapy with sunitinib prior to entering the study. Patients were stratified by risk group according to the MSKCC criteria (24) , and also according to the number of the previous targeted therapies. Radiographic response rates were higher in the cabozantinib arm (21 vs. 5%). The median PFS was 7.4 and 3.8 months for cabozantinib and everolimus, respectively. The HR for progression of disease or mortality was 0.58 (95% CI: 0.45-0.75; P<0.001) in favor for cabozantinib. The PFS advantage for cabozantinib was observed in all subgroups specified by the RCC prognostic risk (low, intermediate and high), and subgroups defined by the number of prior targeted therapy regimes. The effect was greatest for the subgroup with sunitinib as sole prior therapy (9.1 vs. 3.7 months for cabozantinib and everolimus, respectively). The most prominent cause for discontinuation of the assigned study treatment was radiographic progression. OS was assessed at the pre-specified interim analysis stage, which revealed a trend towards longer OS for cabozantinib (HR for mortality=0.67, 95% CI: 0 0.51-0.89; P=0.005); however, the required P-value of ≤0.0019 for statistical significance was not reached, and assumptions on OS are still required to be made with caution due to the immature nature of the data. During treatment, toxicity and adverse events differed between cabozantinib and everolimus. Dose reduction was more often necessary in the cabozantinib arm when compared with everolimus (60 vs. 25% of cases). Adverse events grades 3 or 4 occurred in 68% of cases with cabozantinib, and in 58% for everolimus.
Topics of discussion
The presented data suggest second-line therapy with PD-L1 inhibition or VEGF receptor inhibitors, particularly as presented with regard to nivolumab and cabozantinib, which may have greater efficacy following first-line therapy compared with mTOR inhibition. The data presented in this review, particularly for the METEOR trial, do not describe a unique sequence of two substances, since various first-line regimens were allowed, including multiple substances prior to cabozantinib. Currently, there is growing evidence supporting the idea of VEGF receptor inhibition in the second-line setting, which is supposedly superior to everolimus, i.e. mTOR inhibition. Differing sequences in phase III trials for second-line therapy are, however, a problem. The AXIS trial allowed for different prior therapies as well, and even cytokine treatment was allowed as a first regimen. Analyzing previous studies with regard to results derived from administering nivolumab or cabozantinib is difficult, since differences in patient selection and trial design do not allow for a direct comparison. It will be interesting to see whether these substances, with their different modes of action, will lead to a further improved response if administered simultaneously.
The combination of these newly introduced therapeutic approaches (cabozantinib in combination with nivolumab) is currently being researched in a randomized trial setting together or in comparison with ipilimumab. The trial will also address other urological tumors, aside from RCC (ClinicalTrials.gov identifier NCT02496208).
The CheckMate-025 and the METEOR trial had ccRCC as the predominant histopathological finding. The two trials did not favor everolimus as a second-line treatment. The question remains whether this conclusion can be drawn for non-ccRCC. An interesting consideration regarding everolimus, in particular, emerged from the ASPEN trial that was recently presented at the American Society of Clinical Oncology (ASCO) Convention 2015, held in Chicago. The results demonstrated that a subset of patients with non-ccRCC may benefit from everolimus, in particular. The study was, however, investigating the first-line setting. The ASPEN trial included 108 patients who were subjected to systemic therapy with sutent or everolimus. The trial revealed overall superior results for sutent; notably, the subset of patients with chromophobe histology had a PFS of 11.5 vs. 5.6 months in favor of everolimus (32) . It may not be valid to draw premature conclusions from these results, since the absolute number of patients responding to everolimus was rather low, comprising only 15% of the already small study population. Therefore, the results may not be enough to justify a paradigm shift in current therapeutic concepts or negate results from the CheckMate-025 or the METEOR trial.
The question remains why cabozantinib did, in fact, show superior PFS in the METEOR trial. Results from the AXIS trial showed a median PFS of 4.8 months for the subgroup that had been previously treated with sunitinib prior to axitinib. It may be due to the fact that cabozantinib not only targets the VEGF receptor, but also acts on MET and AXL unrelated to TKIs (29, 30) , which leads to longer PFS. The benefit of a novel mode of action also pertains to nivolumab. The two newly introduced substances as a second-line option for therapy may therefore be of special interest in patients with RCC that is primarily refractory to initial anti-VEGF therapy. It is known that patients which show 'progressive disease' as best response after initiation of the targeted therapy have dismal OS following second-line treatment, as was previously shown for 1,056 patients by Heng et al (33) : Patients who initially failed VEGF inhibitor therapy only had a PFS of 2.4 months during subsequent therapy.
The significance of PFS in the METEOR and in the CheckMate-25 trial is also a topic of discussion. PFS cannot unconditionally be regarded as a surrogate parameter for OS. The INTORSECT trial, for example, did not reveal any significant difference in PFS, while showing a clear advantage in OS in favor for sorafenib in comparison with second-line therapy with temsirolimus. The difference in PFS between nivolumab and everolimus in the CheckMate-25 trial did not reach statistical significance, with 4.6 months for nivolumab vs. 4.4 months for everolimus, whereas OS was significantly superior in the nivolumab arm, as mentioned above. The discrepancy between PFS and OS could possibly be explained by a potential delayed benefit with nivolumab.
A subgroup of patients who did not have disease progression or died at 6 months exhibited a marked difference in PFS between nivolumab and everolimus (15.6 vs. 11.7 months; HR=0.64, 95% CI: 0.47-0.88). One possible explanation for initial poor PFS, or a delayed effect of therapy, may be the known 'pseudo-progression' that had previously been reported for ipilimumab in patients with advanced melanoma. The phenomenon describes a radiographic growth of tumor lesions during the initial phase of therapy that is followed by subsequent regression. This phenomenon had previously been observed in patients with advanced melanoma treated with the monoclonal antibody against cytotoxic T-lymphocyte-associated protein 4, ipilimumab (34) . The initial radiographic progression has been attributed to a delayed immune response or edema associated with therapy. In an attempt to design response criteria for patients with solid tumors under novel immune therapy, several patterns of response have been identified: i) initial shrinkage; ii) stable disease; iii) response following initial growth of the tumor; and iv) response in the presence of new lesions. It has been shown that all these patterns were associated with a favorable effect on OS (35) . Therefore, the response evaluation criteria in solid tumors, which have been designed to assess effects of cytotoxic substances (36), may not provide an optimal assessment of treatment response under checkpoint inhibition. These findings may be one reason for discrepancies in PFS evaluation and OS.
Adverse events in the METEOR trial, as well as in the CheckMate-25 trial, did not show any surprising results: The percentages of grade 3 or 4 adverse reactions for everolimus were 37% in the CheckMate-25 trial and 58% in the METEOR trial. In contrast, nivolumab revealed only 19% of grade 3 or 4 adverse reactions in the CheckMate-25 trial, whereas cabozantinib was associated with 68% of serious adverse reactions in the METEOR trial. The most prevalent adverse reaction for nivolumab was fatigue. Although nivolumab was well tolerated overall, one must bear in mind that adverse reactions in the form of inflammatory reactions may arise that are new to the clinician's eye, but which nonetheless can be serious and must be considered when administering novel checkpoint inhibition therapy. These adverse events may include skin rashes, hepatitis, pneumonitis and other less common inflammatory events. Adverse reactions, including, for instance, hypophysitis, may feature non-specific symptoms, which must also be considered when applying checkpoint inhibition therapy (20, 21, 37, 38) .
Conclusion
The newly introduced substances for second-line therapy, nivolumab and cabozantinib, in advanced and mRCC have yielded promising results with regard to OS and PFS. A clear benefit regarding OS for cabozantinib remains to be conclusively demonstrated. Immune therapy, most likely, will improve therapeutic options for patients with advanced RCC in the future. With the introduction of novel mechanisms of action, physicians must be aware of differences in evaluating radiographic responses, as well as remain vigilant for a set of as-yet-unfamiliar and rare adverse reactions to checkpoint inhibitory therapy.
